Smoking cigarettes is associated with lower risk of Parkinson disease (PD). Despite the clinical links between PD and essential tremor (ET), there are few data on smoking in ET. One study showed an association between smoking and lower ET prevalence. We now study whether baseline smoking is associated with lower risk of incident ET.
Essential tremor (ET) is one of the most common adult-onset neurologic disorders. 1, 2 Both genetic 3, 4 and nongenetic (environmental) factors [5] [6] [7] [8] [9] are likely to play an role in disease etiology.
A possible link between ET and Parkinson disease (PD) has been suggested in the clinical literature. [10] [11] [12] The development of PD has been described in some ET patients, as has the co-occurrence of the two disorders in the same patient. 11, 13 In addition, recent pathologic studies have described Lewy bodies in some ET patients. [14] [15] [16] Many studies have demonstrated an association between cigarette smoking and lower risk of PD. 17, 18 Despite the clinical [10] [11] [12] [13] and pathologic [14] [15] [16] links between ET and PD, there are few data examining whether there is an association between smoking and ET. In a population-based study in Spain, we demonstrated an association between smoking and lower prevalence of ET. 19 However, given the cross-sectional design of those analyses, we were unable to assess whether a reduction in cigarette smoking preceded the onset of ET or merely followed the onset of disease (e.g., perhaps in an attempt to reduce nicotine-associated tremor). To address this shortcoming, we now use longitudinal data from that population-based study to test the hypothesis that cigarette smoking, which was assessed at baseline, was associated with a reduced risk of incident ET at follow-up.
METHODS Study population. This investigation was
part of the Neurological Disorders in Central Spain (NEDICES), a longitudinal, population-based survey of major age-associated conditions of persons aged 65 years and older. As described previously, [20] [21] [22] [23] [24] [25] [26] [27] the study sample was taken from the census of three communities in central Spain: Las Margaritas, Lista, and Arévalo. The three communities represent a broad spectrum of current social and economic conditions in Spain. The registered study population consisted of 6,395 individuals, but 481 were ineligible (e.g., census issues, incorrect address, death), leaving 5,914 eligible subjects, of whom 5,278 (89.2%) were evaluated at baseline (1994 -1995) . 24 All procedures were approved by the university's ethical standards committee on human experimentation. Written (signed) informed consent was obtained from all participants upon enrollment. (1994 -1995) , a detailed in-person evaluation was administered to enrollees. A questionnaire collected data on demographics, medical and neurologic disorders, current medications, and lifestyle variables (smoking status and ethanol consumption). A screening question for depression was also administered ("Do you suffer from depression?"). The questionnaire also included a screening question for ET ("Have you ever had tremor of the head, hands, or legs that has lasted longer than several days?"). This question was a Spanish adaptation of that used by the Italian Longitudinal Study on Aging Working Group. 8, 23 The sensitivity of the screening question for ET was 68.6% in our incidence study of ET. 24 Persons who screened positive for ET underwent a neurologic evaluation that included a standardized medical history and a general neurologic examination (mental status, speech, cranial nerves, strength and tone, primary sensory modalities, reflexes, extensor toe signs, coordination, and gait, as well as the motor portion of the Unified Parkinson's Disease Rating Scale [UPDRS]). 28 During the neurologic examination, participants were asked to perform three manual tasks to assess postural and kinetic tremors, including sustained bilateral arm extension, bilateral finger-nose-finger maneuver (with a minimum of six repetitions with each arm), and an Archimedes spiral drawn with the dominant arm. The neurologic examination was performed by one of eight senior neurologists who met at the inception of the study to establish standardized methods to perform and interpret the examination (J. For participants who could not be examined, medical records were obtained from their general practitioners, from in-patient hospitalizations, and from neurologic specialists (if they had visited one).
Baseline evaluation. At baseline
Diagnostic criteria for ET, which were used both in participants who were examined and in those whose medical records were reviewed, were similar to those used in the Sicilian study. 8 Thus, participants were diagnosed as having ET if they had an action tremor of the head or limbs without any other recognizable cause. 20, 24, 29 The tremor had to be of gradual onset (i.e., slow and progressive) and either 1) present for at least 1 year or 2) accompanied by a family history of the same disorder (at least one reportedly affected first-degree relative). 20, 24, 29 On an Archimedes spiral, tremor severity had to be moderate or greater (rating Ն 2 according to the Washington Heights-Inwood Genetic Study of Essential Tremor Rating Scale). 30 Based on their medical and medication history, participants were not considered to have ET if their tremor was related to alcohol withdrawal, hyperthyroidism, anxiety, or medications (including an extensive list of medications that result in dopamine receptor blockade and another list of medications that induce action tremor). Similarly, based on their neurologic examination, participants with action tremor attributed to PD, dystonia, orthostatic tremor, or other movement disorders were not considered to have ET. In most cases, ET cases identified by one of the eight neurologists were subsequently examined independently by two additional neurologists (who were chosen from among the eight). These participants were classified as having ET only when the three neurologists agreed. Their agreement was high (Ͼ90%).
Of the 5,278 participants who were evaluated at baseline (1994 -1995) , 256 prevalent ET cases (4.8%) were detected, 23 and these were excluded from the current analyses, leaving 5,022 who were free of ET at baseline. Follow-up evaluation. As described, 24 follow-up data were available on 3,942 (78.5%) of 5,022 participants, with the majority (n ϭ 840) of those who were lost to follow-up being deceased. 24 Follow-up data were derived either from 1) an in-person follow-up evaluation (1997-1998, approximately 80% of participants) that was similar to the baseline evaluation or 2) medical data from health care providers and family on those who had died before that evaluation (approximately 20% of participants). 24 The diagnostic approach to ET cases was identical to that performed during the baseline evaluation. 24 At follow-up, there were 83 incident ET cases 24 and 3,859 participants without incident ET (3,942 total).
Final sample. Of the 5,278 participants screened for ET at baseline (1994 -1995) , 256 prevalent ET cases (4.8%) were detected, 23 and these were excluded from our analyses. As documented previously, 24 follow-up data were available on 3,942 of the remaining 5,022 participants (including 83 incident ET cases and 3,859 participants without incident ET). We further excluded participants if data on smoking or ethanol consumption were unavailable, which left 3,348 remaining participants who were included in our analyses. These remaining 3,348 participants were similar to the original 5,278 participants in terms of mean (Ϯ SD) baseline age (73.6 Ϯ 6.6 vs 74.3 Ϯ 7.0 years), sex (57.2% vs 57.3% women), and education (e.g., 13 .1% vs 12.1% illiterate).
Data analyses.
Statistical analyses were performed in SPSS version 13.0 (SPSS, Inc., Chicago, IL). Baseline characteristics of study groups were compared using Student t tests and 2 tests. For all participants, we calculated pack-years (i.e., packs of cigarettes smoked per day multiplied by years smoked). In some analyses, pack-years were categorized in tertiles (Ͻ19.2, 19.2-49.0, Ͼ49.0). Participants who had never smoked were coded as having 0 pack-years, and they served as the reference group in those analyses, which included all participants. Also, data on ethanol consumption (average number of drinks consumed per day and duration of consumption in years) were used to compute "drinkyears." One drink-year was defined as the intake of one drink of ethanol per day for 1 year. One drink consisted of one can of beer (360 mL), one glass of wine (120 mL) or 30 mL of liquor. 17 We used Cox proportional hazards models to estimate the relative risk of incident ET; this generated relative risks (RRs) with 95% CIs. Person-years for participants who developed incident ET were calculated as the time between the baseline evaluation and the reported date of ET onset. When the date of onset of ET was unknown, person-years were calculated as the midpoint between the first evaluation and the follow up evaluation. Person-years for participants who did not develop incident ET were calculated as the time between the baseline evaluation and 1) the follow up evaluation or 2) death in the participants who died before follow-up evaluation. We began with an unadjusted model and then, in adjusted models, included as confounding variables those variables that were associated either with baseline smoking or with incident ET in univariate analyses (tables 1 and 2).
RESULTS
There were 3,348 participants, among whom 397 (11.9%) were current cigarette smokers (at baseline). At baseline, the 397 current smokers were younger, were more educated, had more drink-years, were less likely to be women, and were less likely to have depressive symptoms than the 2,951 current nonsmokers (table 1) .
The mean (Ϯ SD) follow-up was 3.3 Ϯ 0.8 years (range 0.1-6.6 years). At follow-up, there were 77 incident ET cases (2.3%). The incident ET cases and controls were compared in terms of their baseline characteristics; incident ET cases were similar in age and sex to the controls, but a larger proportion had had depressive symptoms at baseline (table 2). The higher number of drinkyears in incident cases than in controls did not reach statistical significance (table 2) .
The 3,348 participants included 1,173 (35.0%) from Las Margaritas, 1,103 (32.9%) from Lista, and 1,072 (32.0%) from Arévalo. In each community, the number of cigarette pack-years at baseline was plotted for incident ET cases vs controls, demonstrating that few incident ET cases had large numbers of pack-years of smoking ( figure) .
The proportion of incident ET cases who had smoked at baseline was half that of controls who had smoked at baseline (6.5% vs 12.0%), although this trend was not significant (table 2) . Baseline cigarette pack-years were lower in incident ET cases than in controls (table 2) . Participants were stratified into baseline pack-year tertiles, and fewer of the incident ET cases were in the highest tertile (p ϭ 0.039; table 2). In an unadjusted Cox proportional hazards model, baseline smoking was marginally associated with lower risk of incident ET (RR 0.52, 95% CI 0.21-1.29, p ϭ 0.16). In an analysis that adjusted for age, sex, educational level, drinkyears, and depressive symptoms, the RR was 0.50 (95% CI 0.20 -1.28, p ϭ 0.15). In an unadjusted Cox proportional hazards model, pack-years was marginally associated with lower risk of incident ET (RR 0.989, 95% CI 0.978 -1.000, p ϭ 0.057). In an analysis that adjusted for age, sex, educational level, drink-years, and depressive symptoms, the RR was 0.984 (95% CI 0.971-0.998, p ϭ 0.02). Pack-years were stratified into tertiles, and in unadjusted and then adjusted models, the highest pack-year tertile was associated with lower risk of ET such that those in the highest pack-year tertile were one-third as likely to de-velop incident ET when compared with nonsmokers (table 3) .
The sample included 149 participants with dementia and 56 with PD. When they were excluded, the results did not change: in a Cox proportional hazards model that adjusted for age, sex, educational level, drink-years, and depressive symptoms, pack-years was associated with lower risk of incident ET (RR 0.984, 95% CI 0.970 -0.998, p ϭ 0.025), and those in the highest packyear tertile were one-third as likely to develop incident ET when compared with nonsmokers (adjusted RR 0.28, 95% CI 0.09 -0.90, p ϭ 0.03).
Whereas 71 (92.2%) of incident ET cases were diagnosed by NEDICES examination, 6 (7.8%) were diagnosed by medical record review. When these 6 were excluded, the results did not change: in a Cox proportional hazards model that adjusted for age, sex, educational level, drink-years, and depressive symptoms, pack-years was associated with lower risk of incident ET (RR 0.983, 95% CI 0.969 -0.998, p ϭ 0.02) and those in the highest pack-year tertile were one-fourth as likely to develop incident ET when compared with nonsmokers (adjusted RR 0.26, 95% CI 0.08 -0.82, p ϭ 0.02).
DISCUSSION
In this prospective, populationbased study, we examined baseline smoking habits and risk of incident ET. Our data show that elderly ET cases have a smoking pattern similar to that which has been reported previously for patients with PD. When compared with never smokers, smokers in the highest pack-year tertile were one third as likely to develop incident ET.
Two previous studies examined smoking habits in prevalent ET cases compared with controls. 5, 19 In one of these, 5 although the proportion of ET cases and controls who smoked did not differ, the number of cigarette pack-years was significantly lower in ET cases than in controls (29.93 Ϯ 23.54 vs 35.91 Ϯ 24.56, t ϭ 2.40, p ϭ 0.02). The second of these studies used NEDICES baseline data to examine the association between smoking and prevalent ET. 19 In that study, ever smokers were approximately one-half as likely to have ET when compared with never smokers (odds ratio [OR] 0.58, 95% CI 0.40 -0.84, p ϭ 0.004), and ever smokers in the highest pack-year tertile were one-third as likely to have ET when compared with never smokers (adjusted OR 0.39, 95% CI 0.22-0.69, p ϭ 0.001). We now extend these observations by examining smoking behavior before the onset of ET.
Smoking has been reported to play a role in neurodegenerative diseases, including PD and The reference category was nonsmokers. *Adjusted for age in years, sex, educational level, drink-years, and depressive symptoms. RR ϭ relative risk.
Figure
Number of cigarette pack-years at baseline plotted for participants with incident ET vs controls in Lista (n ϭ 1,103), Arévalo (n ϭ 1,072), and Las Margaritas (n ϭ 1,173)
Number of cigarette pack-years at baseline was plotted for participants with incident essential tremor ET (left column in each panel) vs controls (right column in each panel), demonstrating that few incident ET cases had large numbers of pack-years of smoking. ET ϭ essential tremor.
multiple system atrophy. 19, 20, 29 Although there are other agents in tobacco smoke that could be responsible for this possible neuroprotective effect, nicotine has been the focus of considerable research for several reasons. First, nicotine is known to protect against the degenerative effects of toxic insults in different experimental systems. [31] [32] [33] Nicotine pretreatment consistently reduces the detrimental effects of excitotoxin exposure in cultured cells, [31] [32] [33] including neurotoxin-induced degeneration of nigral dopamine-containing neurons. 34 In rats and mice, nicotine can protect against parkinsonism-inducing neurotoxins, like 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and methamphetamine, probably by increasing the level of neurotrophic factors. 35 This study had a number of potential limitations. Screening questions for ET often fail to ascertain mild cases. Our screening questionnaire for ET was of modest sensitivity (68.6%). If at baseline, however, we had included among our controls some participants with mild ET, this would not have explained our results. Furthermore, if at follow-up we had misclassified some mild ET cases as controls, this misclassification would have biased our results toward the null hypothesis because it would have made it more difficult to detect true case-control differences. A second issue is that although the criteria for ET we used in this study were identical to those we have used in our previous studies, 20, 21, 23, 24, 36 there is the possibility that some of our ET cases were misdiagnosed and that they actually had PD rather than ET. However, a complete UPDRS motor examination was conducted specifically to assess subtle motor features of parkinsonism; none of our ET cases had tremor at rest or other features of parkinsonism on these examinations and none were taking medication for PD (levodopa-carbidopa, dopamine agonists, or anticholinergic medications). In addition, when compared with other population-based studies, the prevalence of PD in NEDICES is similar to the expected prevalence of PD in this age group, 26 indicating that it is unlikely that we underdiagnosed PD. Nevertheless, our follow-up interval was modest and we cannot fully exclude the possibility that some of the incident ET cases might develop PD during additional follow-up. Hence, additional follow-up time may be important. Third, we examined an elderly population of people older than age 65 years. Therefore, this study can only define the relationship between smoking and ET in an elderly population.
Finally, baseline smoking was associated with lower risk of incident ET (adjusted RR 0.50), but the association was only marginal (p ϭ 0.15). Despite enrolment of several thousand participants, the prevalence of smoking was low in the cohort; hence, for this one analysis, the study only had sufficient power to detect an RR Յ 0.44.
